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DESIGN OF A REINFORCED CONCRETE ARCH 
Introduction
The arch has always seemed to the writer one of the 
most beautiful and interesting engineering structures. Since 
but little time is devoted to the design of arches in the class 
room and as the knowledge of how to design an arch is valuable 
to a civil engineer, this line of investigation was decided upon 
as a fitting subject for a thesis.
To make the problem a practical one, a map was obtained 
of an actual bridge site located on Russell Creek in Idaho. A 
tracing of the ravine section is shown on Plate I. The valley 
is now crossed by a steel trestle.
The material underlying the thin skin of top soil is 
rock,so solid foundations can be obtained without great diffi­
culty, thus making a very good location for an arch.
In this part of the country earth embankments can be 
very cheaply made by hydraulic methods. In order to make an 
ecomomical structure it was decided to use an arch of relatively 
short span and large rise and support it on suitable side walls. 
The span decided upon was 40 feet and the rise 15 feet, these 
dimensions referring to the neutral axis of the arch. The side 
walls are to be 12 feet in height from the springing line to the 
ground.
The assumption of these dimensions makes the arch a 
rather unusual one, it resembling more a culvert at the bottom
of a deep fill. There is a fill of 55 feet above the crown of 
the arch, so that the dead load is the largest factor to be pro­
vided for. The live load corresponding to Coopers E55 was as­
sumed, since this is the loading used in designing the bridges of 
this branch of the railroad whose Russel Creek crossing problem 
is being considered.
The design of the side walls to withstand the thrust of 
the earth behind and also that of the arch is a complicated and 
interesting problem and one which the writer regrets he must 
leave unsolved because of lack of time.
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3I. DIMENSIONS OF THE ARCH RING
Interior ^  = 4 x L C B A  = 147° - 28.68’
Crown thickness
T = — i/r Ihs j3Pan 4 0.2 (Trautwine) 4 ’ 2
= 1.70 feet 
Use 2 feet
Thickness at skewback = three times the 
crown thickness = 6 ft.
The neutral axis was laid out and the crown and skew- 
back thicknesses fixed. Then the extrados was drawn as a 
circular curve through the crown and skewbacks. The intrados 
was drawn as a curve such that the depth at any point was twice 
the distance from the neutral axis to the extrados.
4II. MAKING CONSTANTI
The arch was divided into twenty divisions of such
length that the ratio of the length to the moment of inertia
was constant. The half arch was first divided into ten equal
divisions and the moment of inertia of each of these divisions
taken at their centers. In calculating this, 3 sq. in. of steel
reinforcement per foot of ring were considered as being placed
one tenth of the depth of the arch ring from the intrados and
extrados. The average value of the reciprocal of the moment
of inertia was found and the ratio —  calculated by theI
formula g s _ S ia 
I " n
where s = length of 1/2 arch ring,
ia- average reciprocal of moment of inertia, 
n = number of divisions in 1/2 the arch ring,
The length of one-half of the arch ring =-ZT - — -x-X O v?U
= 26.618 ft.
S s _ 26.618 x 0.4024 
~T~ io
= 1.073
A curve was drawn using distances from the crown measured along 
the arch axis as abscissas and moments of inertia for ordinates, 
and lengths of the arch divisions obtained by *but and try* 
methods with slide rule and scale.
The results of this work are given in Table 1. See
also Plate II
TABLE 1
DIVISIONS OP ARCH RING
Properties of Preliminary Equal Divisions Properties of Pinal Divisions
No. of 
Division
Depth
! 
H
i 
O 
[ ..
..
..
..
.
14 IB j
i
ll=Ic+14la
•
4  i •
«4
i : 
i
>>
' 8gj I Depth
1 2.0" : .677 . 370 " 1.047 0.956 * 1.055 1.045 0.948 2 t
2 2.05 : .718 .395 1.113 0.884: 1.027 1.075 0.975 2*
3 2.26 : .920 .500 1.420 0.704: .987 1.115 1.012 203*
4 2.54 S 1.343 .75 2.09 0.478: .914 1.205 1.095 2.06’
5 2.86 } 1.945 .881 2.826 0.354: .898 1.235 1.125 2.15
6 3.34 J 3.105 1.25 4.355 .2295: .823 1.335 1.215 2.25
7 3.85 i 4.750 1.70 6.450 .155 : .639 1.695 1.565 2.38
8 4.38 : 7.000 2.295 9.295 0.1076: .370 2.88 2.705 2.63
9 5.0 : 10.40 3.07 13.47 0.0742: .290 3.725 3.45 3.14
10 5.63 : 14.85 3.975 18.775 0.0533: .095 11.305 10.52 4.60
4.0045
Mean i 0.4004
All values in foot units.
All values for strip of arch ring 1 foot wide^
Steel reinforcement 1 in. sq. bars spaced 4 in. C to C,
Imbedded one tenth depth of ring from intrados and extrados surfaces.
OI

6In this work it was considered that the embankment 
was to he partly rock and would weigh 110 lbs. per cubic foot.
A drawing,to a scale of two feet equals 1 inch, was
made of the arch ring and a line representing the base of rail
was drawn above the crown .The divisions of the arch ring wereI
then laid off. The earth fill above the end of each section was 
reduced to an equivalent concrete fill and a reduced contour 
load line drawn. Considering a strip one foot wide, the earth 
pressures were calculated and laid off to scale on the drawing. 
The resultant of the vertical and horizontal components of these 
pressures was found graphically and marked on the drawing. The 
horizontal component of the earth thrust was assumed at 30 per 
cent of the vertical pressure.
Next, considering the half arch as a cantilever, the 
bending moment due to the external loads was found at the center 
of each of the 10 divisions. These values were tabulated in 
Table 2 as m^ and mr, for left and right half of the arch re­
spectively. Since the loads are symmetrical about the crown, 
the moments for the left half will be equal to those on the 
right half. The coordinates of the centers of the divisions re­
ferred to the neutral axis at the crown as the origin were 
scaled and tabulated. The other quantities in Table 2 were 
calculated as shown. The moment and thrust were calculated from 
the formulae on next page.
________________________________________________ ___________________________ _
III. DEAD LOAD STRESSES
7Mo = crown moment = I— ni t 2 Hp y ,
2n
Where n = number of divisions in one-half of the arch, 
m = bending moment due to external loads, 
y = ordinate of center of division, 
y*3 are for one-half of the arch and m for the 
whole arch.
Then with the crown thrust and the loads known, the force 
polygon was drawn(see Plate III) and the thrust at the various 
sections scaled from the diagram. The total moment at the center 
of each of the ten divisions was calculated by the formula 
M = m + M o + H o y +  Vox
in which the terms are as before, Vo being the shear at the 
crown which is zero for dead load. By dividing the moment by 
the thrust the eccentric distance is obtained, which, divided 
by the depth of the section, gives the eccentricity of the re­
sultant force at the section.
The value of p, the steel ratio, was determined for 
each section. The fiber stresses in steel and concrete were 
calculated by means of the following formulae:
For compression over total section
M
12k
1
12K (1 + 8np)jj = 1 + 24np a2 x r M V®
in which p is the steel ratio ,
n H r »Ec
k = proportionate depth of neutral axis,
e = eccentric distance,
h = depth of section,
— = eccentricity, h
a = distance from reinforcement to center of section.
8
Values of Mbhc fc and k were taken from the diagrams in Tur-
naure and Maurer's "Reinforced Concrete" and fQ calculated. 
The stress in the steel in the compressive face was found by 
fk - nf0 ( 1 £ 1).
The stress in the steel near the tensile face was found by 
fs = nfc (1 «
The stress in the concrete at the tensile face is
c
»
= (1 - c) .c k
d is the distance from the face to the reinforcement,, 
d = depth - d*.
Where there is tension on part of the section these formulae
become f„ = nf~ (—  - 1 )8 0 kh
f »= nfc (1 d ' )  , 
khk3 - 3 - &) k2 + 12 np £ k * 6 np (£■ + 2 Sg )
M __ __1
12 k(3 - 2k) +
2 pn
h*
MHere as before and k were taken from diagrams.bh2/’c
The resulting fiber stresses are given in Table 3.
TABLE 2
DEAD LOAD GROWN THRUSTS AND MOMENT
All Values in ft-lb Units
Section X Vy : x : y♦ «# *
ra^ :•• mr
(m^  + mr )y
1 0.65
0 0 0 0
0.0 :0.423:
*0
0 :
2 1.78 0.09:3.175: .0081 9,280: 9,280 -1,670.00
3 2.89 0.20:8.370: 0.04 26,150: -10,460.00
4 4.05 0.40:16.40: 0.16 51,710: 51,710 -41,368.00
5 5.26 0.68:27.70: .463 89,250: 81,700 -121,380.00
6 6.50 1.05:42.30: 1.052 1,287: 126,600 -270,270.00
7 7.89 1.56:62.3 : 2.44 203,520: 203,280 -631,860.00
8 9.96 2.52:99.4 : 6.35 325,850: 325,850 -1,642,284.00
9 12.72 4.32:162.2:18.70 543,050: 558,550 -4.691,952.00
10 17.74 9.86:314.0:97.50 1,129,000:1 ,136,000 -22,263,880.00
Z 67.84 20.68: :126.713 2,505,510: -29,675,124.00
n Z my - Z a Z y  _ 10 x (-29,907,228) - 2 x 20.68 x (-2,505,510 _ 
H° = 2( ( y )2- n y2 j ~ 2(2o'.682 -(10* x -126.71) )
+115,300 lbs.
Vo = 0
-5,039,180 + 146,400 x 2 x 20.68 _ -5,011,020 + 4,768,408
Mo “ 2 x 10 “ * ^ 20~
= +12,130 lb. ft.
TABLE 3
DEAD LOAD STRESSES
Sect. Thrust Ecc.Dist. Bending Mom. 
lb.ft.
e5
P K Extrad.
to
Intrad.
fc
Extrad.
tB
Intrad.: 
£.?„ :1
1 115,700 +0.1055 +12,130 .053 .0104 .415
1
-405 -237 -5,880 -3,810 ;
2 115,300 +0.1130 +13,136 .0565 .0104 . 435 1
-409 -226 -5,740 -3,650 ;
3 117,400 +0.077 + 9,060 .0380 .01025 .312
1
-377 -263 -5,650 -4,060 :
4 118,900 +0.055 + 6,550 .0267 .0101 .236
1
-357 -273 -5,230 -4,210 :
5 120,800 +0.106 + 1,284 .00515 .0099
1
-241 -239 -3,590 -3,430 :
6 123,000 ■1-0.035 + 4,395 .0149 .00927 .145
1
-355 -335 -5,250 -4,770 :
7 126,700 -0.0803 -10,152 .0337 .00875 7^73
1
-259 -357 -4,040 -5,200 :
8 134,300 -0.173 -23,164 .0658 .00793 TWW
1
-195 -387 -3,210 -5,500 :
9 145,200 -0.22 -32,724 .070 .0065 . 525 
1
-178 -375 -3,970 -5,330 :
10 141,600 +0.07 + 9,980 .0152 .00453 -199 -171 -2,950 -2,610 ;
Spring 141,600 +2.03 +287,630 .339 .00345 ♦ 65 -467 +6,600 +2,690 :
Fiber stresses are in lbs./sq. in. 
All other values in lb.-ft.units. 
+ = tension; - = compression.
L
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In designing bridges for the road on which the crossing 
under consideration occurs, Cooper's E 55 loading is used. For a 
40-foot span this would give a load of 10,000 lbs. per linear 
foot as an equivalent uniform load. This load of 10,000 lbs. per 
linear foot was assumed to be distributed transversely through 
the earth at a rate of 4 in. horizontally per foot vertically 
from the ends of a 10-foot tie.
The loads on each section for a strip 1 foot wide were 
calculated and laid out on a drawing of the arch ring. The loads 
were assumed to act vertically through the centers of the divis­
ions. The load was considered over the right half of the arch 
only, since this is one of the most unfavorable conditions of 
loading. The quantities were calculated and tabulated as for 
dead load. From them the crown thrust, shear and moment were 
calculated by the formulae given before.
The thrust polygon was drawn and the components of 
the thrust parallel to the neutral axis of the arch were found 
graphically (See Plate IV). These were tabulated in table 5.
The total moments for each section were calculated by the formu­
lae as given for dead load. Then © and p were found and tab-h
ulated and the live load fiber stresses found by the same means 
as given before for dead load. The live load stresses are only 
a small percentage of the dead load stresses.
IV. LIVE LOAD STRESSES
TABLE 4
LIVE LOAD CROWN THRUST AND MOMENT
S0C t * X y ys mr (mj + mr )y (mr - )x
1 0.65 0.0 0.483 0 0 0 0
2 1.78 0.09 3.175 0.008 -310.5 -87. -562
3 8.87 0.80 8.37 0.04 -937.5 —188.5 -2,689
4 4.05 0.40 16.40 0.16 -1907.0 -763 - 7,723
5 5.86 0.68 87.70 0.463 -3846.0 - 8,210 - 17,074
6 650 1.05 48.30 1.058 -4,963 -5,820 - 32,259
7 789 1.56 68.3 8.44 -7,130 -11,100 :! -56,256
8 9.96 8.58 99.4 6.35 O| -10,792 -27,195 -107,488
9 18.78 4.38 168.8 18.70 -17,660 -76,410 -224,635
10 17.70:i 9.86 314.0 97.50 -34,145 -336,869 -604,366
2L 67.84 80.68 736.3 186,713 81,091 -459,984 -1.053,042
Spring
Line 8.0 15 400 8.85 -43,264
Values in lh-ft. units
H = n 2 my - 7 m Z  y 
2 f ( y ) ^ - n y"^  |
lOx (-459,964) - ( -43 ,264 X 30.68) 
2^(20.08V' -  10 x 120.713 
= -4 ,509, 840 + 894,700 
2(427.7 -  1267.1)
« 2,206 lbo.
Vo (mr - )x 
~8 x*~
-1,053,042 
2 x 736
-710 lbB
-81,091 + 2 x 2,206 x 20.08 MO = • --1-------- £Q *-----------
- 512 lb.ft.
.yj
TABLE 5
Extrados IntradoaLIVE LOAD STRESSES
Sect. {Thrust•♦
Ecc. Dist. M • eh
•
P k f c f3 f*c 5 **s •«
♦•
L : 2,200 .524 -1,165
•
•
: .262 .0104 .879 -52.1
••
-13.9: 185.01 R : 2,190 .0269 -59 :.0135 .0104 1 -5.9 -88.5 — 6 • t —90« •♦ 115 ••
L : 2,190 .720 -1,577 : .380 .0104 .720 -62.3 -16.7: -43.72 R { 2', 170 .295 + 640 {.147 .0104 1 -10.6 -146 2 : -39.6♦ «♦ .835 ••
L : 2,175 .966 -2,104 { .476 .01025 . 610 { -150 -21 i-2643 R : 2.190 .469 +1,028 { .231 .01025 .935 -12.5 -168 :- 69*5
A L : 2,160 ♦ 640 -1,381 : .311 .0101 .783 31.8 —114 * G # —192* <54 R : 2,230 J .386 + 868 : .188 .0101 1 -12 -162 — 0*4:- 23*5• «• . 965 «
C L : 2,130 1.336 -2,051 ; .620 .0099 .535 -248 -24.1:-249o R : 2,290 .643 +1,473 : .299 .0992 .802 -14 -184 :- 26
L : 2,080 1.350 { -2,807 ; .60 .0927 .531 -240 -23 :-2786 R : 2,370 .613 { +1,450 : .272 .0927 .841 -13.6 -180 : -14
rf L : 2,020 1,323 -2,672 : .556 .00875 .555 -186 -20 :-2407 R : 2,500 .559 +1,398 : .235 .00875 .922 -13 -236 : — 5
L : 1,725 .875 -1,510 :. 333 .00793 .739 - 34 -10 :-1300 R : 2,760 .480 +1,326 { .206 .00793 .985 -13.4 -180 : - 15
9 L s 
•
1,740 .0184 32 :.0058
•
•
.0065
.345
-3.2 - 48 -3.22:- 48
•
•
R t 3,170 .1225 : + 388 :.0390 .0065 1 -7.6 -110 -5 :- 80
• • .338 *«
i n L : 1,160 7.420 +8,608 Jl.615 .00453 .310 -21.5 -218 : -618XU R : 3,750 .0898 - 337 {.0195 .00453 .  1 - 4.37 -66.3 -5.27:- 77.5
•
•
•
♦ .190 «•
L { 760 24.2 -18,388 : 4.03 .00345 .224 -38.3 -318 :-ll55pr .L *R { 3,960 .890 + 3,524 : .145 .00345 1 -7.8 -107.5 — 1*0 •  —  23*3
•
♦
1 ■  r n r —
«
• .  890 ---------  ■ •
Fiber stresses in lbs./sq. in 
+ = tension; - = compression.
PlatAIV
Ha/fArch under L/ueLoud 
5co/e-//n. = f//
/A*
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V. TEMPERATURE AND ARCH 
SHORTENING STRESSES
In the calculation of temperature stresses, a var­
iation of 30° each way from the normal temperature was pro­
vided for. Ho and Mo were calculated by formulae given with 
the computations. The average compressive stress due to all 
the loads throughout the arch was calculated and the crown thrust 
and moment due to the shortening caused by this average stress were 
obtained. This latter thrust and moment was applied as a cor­
rection to those due to rise and to fall of temperature.
No thrust polygon was drawn for these loads, but the 
thrusts were obtained by proportion from those found for the 
left half of the arch under the live load assumed. These latter 
are the components of the crown thrust parallel to the arch axis. 
The total moments were found by the formula 
M = Mo - H o y.
Fiber stresses were then computed by methods given
for dead load from M, — , k, etc.h
These stresses are given in Tables 6 and 7.
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TEMPERATURE AND ARCH SHORTENING STRESSES
c = coef. of expan. of concrete# 
t = temperature change,
1 = span length,
n = number of divisions in half arch.
For rise of 30° Ho = f| x — - -- ---------  ,
2 jn y^ - ( y ) j
288,000,000 .000006 x 50 x 40 x 10
1.073 X 2(10 x 126.7] - 20.68a )* 
= 11,520 lbs.
M = ZK0_JL 
n
11,520 x 20.68 
10 ~  *
» - 23,850 lb. ft.
Average compressive stress in arch = 66 lbs./sq.in.
For shortening of arch
Ho = x .n-------— _
* 3 2 [n y2 - ( y )2 j
= -66 x 40 x 10 ________
1.073 x 2(10x126.71-20.682 )
= - 2,105 lbs.
+ 2105 x 20.68 
10*“Mo
= 4,360 lb. ft.
For rise of 30° + shortening effect. 
Ho = +• 11,520 f 2,105 
= + 9,415
Mo = - 23,850 + 4,360
17
= - 19,490.
For fall of 30° ■+ shortening effect, 
Ho = - 11,520 - 2,105 
= - 13,625.
Mo = 4- 23,850 + 4,360 
= 28,210 lb. ft.
TABLE 7
LOWERING OF TEMPERATURE AND SHORTENING STRESSES
Extrados Intrados
Sect. M T Ecc.Diat. K P k **C fs fc f3
1 +28,210 -13,500 -2.09 -1.04 .0104 J! .445 -262 i1-3,040 +4,010
2 +26,984 -13,450 -2.01 -1.005 .0104 .455 -246 -2,880 i! +3,620
3 t25,585 -13,420 -1.925 -0.938 .01025 .460 -231 -2,720 +3,310
4 +22,760 -13,350 -1.705 -0.838 .0101 .473 -206 -2,460 +2,777
5 +18,960 -13,180 -1.436 -0.668 .0099 .515 -160 -1,935 « +2,400
6 +13,910 -12,870 -1.08 -0.470 .00927 .61 - 117.5 -1,486 + 840
7 + 6,960 -12,500 -0.567 -0.238 .00875 .835 - 65.4 -863 + 87
8 - 6,090 -10,700 -0.570 -0.217 .00793 .895 -48.4 - 640
9 -30,600 -10,750 -2.85 -0.908 .0065 .415 +2,510 -143 :! - 1640
10 -106,000 - 7,150 -14.8 -3.22 .00453 .245 +10,000 -251 - 1,890
Spring.
Line l -176,000
*»
- 4,700 -37.5 -6.25 .00345 .156 +17,800 -239 - 1,320
Fiber stresses lbs./sq.in.
+ = tension,- = compression.
oc
TABLE 6
TEMPERATURE RISE AND SHORTENING STRESSES
Extrados Intrados
Sect. Moment Thrust e eh P k fc fs fc fs
1 -19,490 + 9,400 -2.07 -1.03 .0104 .445 +2,790 -182 - 2100
2 -18,643 +9,350 -1.995 - .997 .0104 .450 +2,550 -170 - 2010
3 -17,607 +9,300 -1.895 - .934 .01025 .455 +2,365 -161 - 1890
4 -15,724 +9,230 -1.705 - .828 .0101 . 475 +1,905 -142 - 1680
5 -12,690 +9,100 -1.396 - .648 . 0099 .520 +1,340 -108 - 1310
6 - 9,610 +8,880 -1.082 - .480 .00927 .592 + 632 - 81 - 1010
7 - 4,790 +8,630 - .555 - .233 .00875 .918 13 -42.7 - 570
8 + 4,210 +7,380 + .563 + .214 .00793 .958 -35 - 470 + 32
9 +21,210 +7,500 +2.83 + .901 .0065 .409 -140 -1,590 + 2510
10 +73,200 +4,950 +14.8 +3.21 .00453 .244 -178 -1,590 +7,170
Springing
Line +121,800 +3,250 + 37.4 + 6.24 .00345 .155 -165 -1,595 +11,900
Fiber stresses - lbs./sq.in.
+ = tension; - = compression.
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VI, MAXIMUM STRESSES
The steel in the arch ring is stressed only slightly 
except in the last two sections near the springing line. These 
values are due to temperature stresses and are of opposite sign 
to the dead load stess, so that the total stress is well within 
15,000 lbs. per sq. in.
A table of maximum compressive stresses is given. It 
is seen that they frequently run up over 600 lbs. per sq. in. 
This value is high, but for good 1-2-4 concrete, a stress of 
700 lbs or one third the compressive strength at 30 days is 
not unsafe. Therefore, the arch ring as assumed is stable and 
the section is satisfactory.
Section 1 2
MAXIMUM
3
COMPRESS
Values
4
TABLE £ 
JIVE STRI
in -lbs. 
5
\
5SSES IN
sq./in.
6
C0NCRET1
7
5
8 9 10 Spr.L.
E I E I E I E I E I E__I , _E_ I E I . E I E I E I
D. L. -405 23711400 226 377 763 357 273 241 239 355 335 259 357 195 387 178 375 199 171 467
L.L. 6 14 11 7 13 21
161
12 15 14 25 14 23 13 20 13 10 8 5 4 5 38 1
temp. 
Rise + 
Short. 1S2 _170_ 142 108 81 43 35 140 178 165 *
Temp. 
Fall f 
Short• SS2|____JH6 £3JL oriAc . W P .160 118 65 48 143 251 239
Max. 673 433 657 403 621 445 575
„ „ 
450 405
» - . 
372 487 439 337 420 243 445 326 523 381 427 670 240
roh-*
